Rifampicin is a macrocyclic antibiotic which is used extensively for treatment against Mycobacterium tuberculosis and other mycobacterial infections. Recently, a number of studies have focused on the immune-regulatory effects of rifampicin. Therefore, we hypothesized that rifampicin may influence the TLR2 expression in LPS-activated RAW 264.7 cells. In this study, we determined that rifampicin suppresses LPS-induced TLR2 mRNA expression. The down-regulation of TLR2 expression coincided with decreased production of TNF-α. Since NF-κB is a major transcription factor that regulates genes for TLR2 and TNF-α, we examined the effect of rifampicin on the LPS-induced NF-κB activation. Rifampicin inhibited NF-κB DNA-binding activity in LPS-activated RAW 264.7 cells, while it did not affect IKKα/β activity. However, rifampicin slightly inhibited the nuclear translocation of NF-κB p65. In addition, rifampicin increased physical interaction between pregnane X receptor, a receptor for rifampicin, and NF-κB p65, suggesting pregnane X receptor interferes with NF-κB binding to DNA. Taken together, our results demonstrate that rifampicin inhibits LPS-induced TLR2 expression, at least in part, via the suppression of NF-κB DNA-binding activity in RAW 264.7 cells. Thus, the present results suggest that the rifampicin-mediated inhibition of TLR2 via the suppression of NF-κB DNAbinding activity may be a novel mechanism of the immune-suppressive effects of rifampicin.
INTRODUCTION
The toll-like receptor 2 (TLR2) is essential for the development of innate immunity against microbial pathogens. TLR2-deficient mice are susceptible to infections by Mycobacterium tuberculosis, Staphylococcus aureus, and Toxoplasma gondii (Mun et al., 2003) . TLR2, a pattern recognition receptor, has been implicated in the production of iNOS and numerous proinflammatory cytokines, including TNF-α, IL-1β, IL-6, and IL-12 in response to microbial products (Aravalli et al., 2005) . Its expression is strongly induced by proinflammatory cytokines and microbial products, including lipopolysaccharide (LPS) and is dependent on NF-κB and STAT5 activity in murine macrophages (Haehnel et al., 2002) .
Rifampicin has been widely used in the treatment of various mycobacterial infections. It has also been reported to possess immune-suppressive effects. A previous study of a mouse model showed that rifampicin prolonged the survival time of heart allografts by suppressing humoral and cellular immunity (Bellahsene and Forsgren, 1980) . It has also exerted therapeutic effects in psoriasis, a T-cell mediated disease, in clinical practice (Tsankov and Angelova, 2003) . Although the exact mechanism underlying immune-suppression by rifampicin remains unclear, the inhibition of the NF-κB pathway by rifampicin appears to play a role in this immune-suppression since rifampicin has been shown to inhibit the expression of NF-κB regulated genes by suppressing NF-κB activity (Pahlevan et al., 2002; Mlambo and Sigola, 2003) and NF-κB is an important transcriptional regulator of immune and inflammatory responses (Ghosh et al., 1998) .
Rifampicin is a potent ligand for the human pregnane X receptor (PXR). PXR is a member of nuclear receptor family and expressed at high levels in the liver and intestine (Moreau et al., 2008) . PXR functions as a transcription factor for various genes, encoding xenobiotics metabolizing enzymes and transporters, and is also implicated in lipid metabolism, where it inhibits lipid catabolism, increases fatty acid uptake and lipogenesis in the liver (Moreau et al., 2008) . In addition, the activation of PXR shows anti-inflammatory effects. It has been reported that repression of the NF-κB signaling pathway by PXR may be a possible mechanism to explain the anti-inflammatory effect of rifampicin in inflammatory bowel diseases (Zhou et al., 2006) . However, precisely how PXR suppresses NF-κB signaling pathway is currently unclear.
PXR has been found to suppress gene expression by directly interfering with other transcription factors. Previous studies showed that PXR binds directly to transcription factors such as FoxA2 and HNF4α, resulting in the suppression of their regulated genes (Li and Chiang, 2005; Nakamura et al., 2007) . Furthermore, NF-κB activity can be suppressed through physical interactions between NF-κB p65 and nuclear receptors, including the glucocorticoid (GC) receptor (Ray and Prefontaine, 1994) , the estrogen receptor (Ray et al., 1994; Stein and Yang, 1995) , the progesterone receptor (Kalkhoven et al., 1996) and the androgen receptor (Palvimo et al., 1996) in response to a corresponding ligand. Thus, we hypothesized that rifampicin may suppress NF-κB activity through physical interactions between PXR and NF-κB p65, and that rifampicin may inhibit the LPS-induced TLR2 expression by suppressing NF-κB activity in RAW 264.7 cells, a murine macrophage cell line. However, the major focus of previous studies has been the effects of rifampicin and PXR on the NF-κB pathway in intestinal inflammation (Shah et al., 2007) and hepatic metabolism (Gu et al., 2006) . Little information is available concerning their effects on the NF-κB pathway in the regulation of macrophage function, an important modulator of immune and inflammatory responses.
The objective of the current study was to assess the mechanisms underlying the rifampicin-suppressed expression of TLR2 in LPS-activated RAW 264.7 cells, a murine macrophage cell line. We initially attempted to assess the inhibitory effect of rifampicin on the expression of TLR2. We then examined the issue of whether PXR is expressed in RAW 264.7 cells and, if expressed, whether rifampicin is able to active mouse PXR. The cellular mechanism by which rifampicin inhibits the expression of TLR2 was examined, with emphasis on the rifampicin-mediated inhibition of the NF-κB pathway. In addition, we also assessed whether the presence of rifampicin increased the degree of physical association between PXR and NF-κB subunits.
METHODS

Reagents and antibodies
Rifampicin, BAY 11-7085, LPS, and actinomycin D1 were obtained from Sigma-Aldrich Co. Ltd (St. Louis, MO). Rifampicin and BAY 11-7085 were dissolved in dimethyl sulfoxide (DMSO). The final vehicle concentration was adjusted to 0.1% (v/v) and the control medium contained the same quantity of vehicle. Antibodies against phospho-IKK α/β, IKKβ, IκBα, and NF-κB p65 were obtained from Cell Signaling Technology (Beverly, MA). Antibodies against PXR and GAPDH, and horseradish peroxidase and Cy3-conjugated secondary antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
Cell culture
The RAW 264.7 murine macrophage cell line was acquired from ATCC (Manassas, VA) and grown in Dulbecco's Modified Eagle's medium (GIBCO BRL, Grand Island, NY) supplemented with 20 mM HEPES (Fisher Scientific, Atlanta, GA), 10% FBS (GIBCO BRL), 100 U/ml of penicillin, and 100 μg/ml of streptomycin (Bio Whittaker Inc., Walkersville, MD). The RAW 264.7 cells were plated onto 6-well plates at 2×10 5 cells/well or onto 96-well plates at 4×10 4 cells/well for 24 hours before treatment. The cells were pretreated with various concentration of rifampicin for 1 hour and then treated with LPS (5 ng/ml).
Immunoblot analysis
At designated times, the treated cells were removed from the incubator and placed on ice. The cells were then washed 3 times with ice-cold PBS. The cells were then lysed for 30 minutes with RIPA lysis buffer (50 mM Tris-HCl [pH 7.4], 1% Triton X-100, 150 mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 100 mM phenylmethylsulfonyl fluoride, 1 μg/ml of leupeptin, 1 mM Na3VO4, and 1× Complete TM Protease Inhibitor Cocktail [Santa Cruz Biotechnology] ). Equal amounts of protein were loaded onto 10∼15% SDS-PAGE gels, electrophoresed, and transferred onto PVDF membranes (Millipore, Bedford, MA). The membranes were blocked in Tris-Buffered Saline with 0.05% Tween 20 (TBST) supplemented with 5% powdered milk or 5% BSA, and then incubated with primary antibodies against the designated proteins. The blots were then washed with TBST and incubated with a horseradish peroxidase-conjugated secondary antibody in TBST plus 5% powdered milk. The bound antibodies were detected with Super Signal Ultra chemiluminescence reagents (Pierce Biotechnology, Inc., Rockford, IL).
Reverse transcriptase (RT)-PCR and quantitative real time-RT-PCR
The expression of PXR mRNA was determined by RT-PCR and those of TLR2, TNF-α, and CYP27A1 mRNA were determined by quantitative real time-RT-PCR. Briefly, total RNA was extracted using a High Pure RNA isolation kit (Roche Diagnostics, Mannheim, Germany) and converted to cDNA using an Advantage RT-for-PCR kit (Clontech, Hampshire, UK), according to the manufacturer's instructions. To confirm PXR mRNA expression, PCR was per- . The relative amounts of mRNA for TLR2, TNF-α and CYP27A1 were determined by subtracting the cycle threshold (Ct) values for these genes from the Ct values for the GAPDH or 36B4. The following primers for TLR2, TNF-α, CYP27A1, GAPDH, and 36B4 were used: For TLR2, forward primer (5'-GGA ACT GTC GGA GGT AGA GTT CG-3') and reverse primer (5'-TTT CTA CTT TAC CCA GCT CGC TCA-3'). For TNF-α, forward primer (5'-GCC TCT TCT CAT TCC TGC TT-3') and reverse primer (5'-CAC TTG GTG GTT TGC TAC GA-3'). For CYP27A1, forward primer (5'-TGC CTG GGT
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CGG AGG AT-3') and reverse primer (5'-GAG CCA GGG CAA TCT CAT ACT T-3'). For GAPDH, forward primer (5'-GGG AAG CTC ACT GGC ATG G-3') and reverse primer (5'-CTT CTT GAT GTC ATC ATA CTT GGC AG-3'). For 36B4, forward primer (5'-CCA GGA AGG CCT TGA CCT TT-3') and reverse primer (5'-CTG ATC ATC CAG CAG GTG TT-3').
TLR2 mRNA stability assay
For TLR2 mRNA stability assay, RAW 264.7 cells were pre-treated with rifampicin (50 μg/ml) and then treated with LPS (5 ng/ml) for 2 hours before adding actinomycin D1 (5 μg/ml). At designated times, the level of TLR2 mRNA was determined by quantitative real time-RT-PCR.
Electrophoretic mobility shift assay (EM SA)
The NF-κB DNA-binding activity was determined by EMSA. After treatment, nuclear and cytoplasmic extracts were prepared using the NE-PER Ⓡ Nuclear and Cytoplasmic
Extraction Reagents (Pierce Biotechnology, Inc.). EMSA probes were created by biotinylating the 3' end of the singlestranded oligonucleotides using a biotin 3' end DNA labeling kit (Pierce Biotechnology, Inc.) according to the manufacturer's protocol. The biotinylated oligonucleotides were annealed by boiling for 1 min and then allowing them to slowly cool to room temperature. The consensus nucleotide sequence for NF-κB was 5'-AGA GAT TGC CTG ACG TCA GAC AGC TAG-3'. The EMSA binding reaction was performed by utilizing a LightShift chemiluminescent EMSA kit (Pierce Biotechnology, Inc.). A nuclear extract was incubated in 1× binding reaction buffer containing 50 mM KCl, 10 mM EDTA, 25 ng/ml poly dI-dC, 5 mM MgCl2, and the biotinylated probe. After a 20 min incubation at room temperature, the reaction mixture was electrophoresed on a non-denaturing 6% polyacrylamide gel and then transferred to a nylon membrane. The transferred mixture was UV-cross-linked to the membrane and detected by chemiluminescent reagents (Pierce Biotechnology, Inc.). For the competition assay, a 200-fold excess of unlabeled probe was added together with the labeled probe. For the supershift assay, 1 μg of antibody against NF-κB p65 was added together with the nuclear extract.
Immunostaining
The expression pattern of PXR in RAW 264.7 cells was examined by immunostaining with an anti-PXR antibody. The cells were fixed in 2% paraformaldehyde in PBS and were then permeabilized by treatment with 5% Triton X-100 in PBS. The fixed cells were rinsed with PBS and incubated in blocking solution (0.1 M NH4Cl, 0.2% gelatin, and 0.3% Triton X-100 in PBS) for 20 min. The cells were then incubated overnight with an anti-PXR antibody (Santa Cruz Biotechnology) in an incubation solution (0.2% gelatin, 0.3% Triton X-100, and 3% goat serum in PBS) at 4 o C. After washing with PBS, cells were incubated with the corresponding Cy3-conjugated secondary IgG at room temperature for 2 h. Nuclei were counterstained for 15 min with 10 μM Hoechst 33342 (Sigma-Aldrich Co. Ltd). The negative control was processed without the presence of the primary antibody. Immunofluorescence was visualized by inverted fluorescence microscopy (IX71/IX51, Olympus Corporation, Tokyo, Japan).
Co-immunoprecipitation
A co-immunoprecipitation assay was conducted to examine the physical association between PXR and NF-κB subunits. Briefly, the cells were collected and lysed in RIPA buffer and the protein concentration was determined by a BCA assay. After centrifuging the cell lysate for 5 min at 15,000 g, the clear lysate was immunoprecipitated with an irrelevant rabbit IgG as a negative control and antibody against NF-κB p65, together with protein A Sepharose .5], 10% glycerol, 2% nonidet, 1 mM EDTA, 1 mM EGTA, 150 mM NaCl, and 2 mM Na3VO4), resuspended in 1× SDS-PAGE sample buffer (60 mM Tris-HCl [pH 6.8], 25% glycerol, 2% SDS, 14.4 mM 2-mercaptoethanol, and 0.1% bromophenol blue), and heated for 5 min at 100 o C. After a spin-down, equal amounts of protein from the supernatants were electrophoresed on 10% SDS-PAGE gels, transferred onto PVDF membranes (Millipore, Bedford, MA), and immunoblotted with an antibody against PXR and NF-κB p65.
Statistical analysis
All results are expressed as the means±SD of data from at least three separate experiments. Statistical significance was determined via the Student's t-test for two points. p＜ 0.01 was considered to be statistically significant.
RESULTS
Rifampicin inhibits the LPS-induced expression of TLR2 mRNA, and the expression of TLR2 mRNA is dependent on the NF-κB pathway
We initially assessed the inhibitory effects of rifampicin on the LPS-induced expression of TLR2 in RAW 264.7 cells. As shown in Fig. 1A , pre-treatment with rifampicin inhibited the LPS-induced expression of TLR2 at the mRNA level, in a concentration-dependent manner. We then assessed whether the decreased mRNA level of TLR2 by rifampicin is due to a reduced TLR2 mRNA stability. However, there was no significant difference in TLR2 mRNA stability between rifampicin-treated and -untreated cells after LPS treatment (Fig. 1B) . These results suggest that rifampicin inhibits transcription of the TLR2 gene in LPS-activated RAW cells.
Next, we assessed whether the LPS-induced expression of TLR2 is dependent on the NF-κB pathway. Consistent with the results of a previous report (Haehnel et al., 2002) , BAY 11-7085, an inhibitor of NF-κB, inhibited the expression of TLR2 mRNA in LPS-activated RAW cells (Fig. 1C) . In addition, we also assessed whether rifampicin inhibits expression of TNF-α mRNA, a NF-κB regulated gene, in LPS-activated RAW 264.7 cells. Rifampicin, in a concentration-dependent manner, inhibited the LPS-induced expression of TNF-α mRNA (Fig. 1D) . These results suggest that rifampicin inhibits the LPS-induced TLR2 expression by suppressing NF-κB activity. For TLR2 mRNA stability assay, RAW 264.7 cells were pre-treated with rifampicin (50 μg/ml) and then treated with LPS (5 ng/ml) for 2 hours before adding actinomycin D1 (5 μg/ml). At designated times, the level of TLR2 mRNA was determined by quantitative real time-RT-PCR. (C) RAW 264.7 cells were pretreated with BAY 11-7085, an inhibitor of NF-κB, at the indicated concentrations or with DMSO for 1 h and then stimulated with LPS (5 ng/ml) for 4 hours. mRNA levels of TLR2 were determined by quantitative real time RT-PCR. The results are shown as the means±SD of data from at least three separate experiments, each performed with triplicate samples. *p＜0.01 versus non-treated control cells. RIF, rifampicin.
Fig. 2.
Rifampicin inhibits the nuclear translocation of NF-κB p65 in RAW 264.7 cells. RAW 264.7 cells were pre-treated with rifampicin (50 μg/ml) or with DMSO for 1 h and then stimulated with LPS (5 ng/ml) for the indicated times. (A) The levels of phosphorylation of IKKα/β and the expression of IκBα were determined by immunoblot analyses. (B) The nuclear translocation of NF-κB subunits p50 and p65 were determined by immunoblot analyses. After treatment, nuclear and cytoplasmic extracts were prepared using the NE-PER Ⓡ Nuclear and Cytoplasmic Extraction Reagents (Pierce Biotechnology, Inc.). Similar results were observed in three independent experiments. RIF, rifampicin.
Rifampicin suppresses LPS-induced NF-κB DNA binding activity
The pathway leading to the activation of NF-κB is dependent on IKKβ activation. This activation leads to the degradation of IκBα and the subsequent release of NF-κB. The NF-κB then moves to the nucleus. In the nucleus, NF-κB dimers bind to target DNA elements and activate the transcription of relevant genes (Baldwin, 1996) . In order 3 . Rifampicin suppresses LPS-induced NF-κB DNA binding activity in RAW 264.7 cells. RAW 264.7 cells were pre-treated with rifampicin (50 μg/ml) or with DMSO for 1 h and then stimulated with LPS (5 ng/ml) for 1 h. DNA binding activity of NF-κB subunits was analyzed by EMSA. After treatment, nuclear extracts were prepared using the NE-PER Ⓡ Nuclear and Cytoplasmic Extraction
Reagents (Pierce Biotechnology, Inc.). For the competition assay, a 200-fold excess of unlabeled probe was added together with the labeled probe. For the supershift assay, 1 μg of antibody against NF-κB p65 was added together with the nuclear extract. Similar results were observed in three independent experiments. RIF, rifampicin; Competitor oligo., unlabeled oligonucleotides probe for NF-κB p65.
to assess the effect of rifampicin on the NF-κB pathway, we examined the phosphorylation of IKKα/β, the expression of IκBα, and the nuclear translocation of NF-κB subunits in LPS-activated RAW 264.7 cells in the presence and absence of rifampicin. There were no significant differences in the phosphorylation of IKKα/β and the expression of IκBα between the groups with and without rifampicin ( Fig. 2A) . However, pre-treatment with rifampicin slightly inhibited the nuclear translocation of NF-κB p65, but not p50 in LPS-activated RAW 264.7 cells (Fig. 2B) . We then assessed the effect of rifampicin on NF-κB DNA binding activity in LPS-activated RAW 264.7 cells. As shown in Fig. 3 , pre-treatment with rifampicin suppressed LPSinduced NF-κB DNA binding activity compared to that for the LPS treatment only. These results suggest that rifampicin inhibits the LPS-induced TLR2 expression by suppressing NF-κB DNA-binding activity and its suppression of NF-κB DNA-binding activity may be due to, at least in part, inhibited nuclear translocation of NF-κB p65.
Rifampicin increases the physical association between NF-κB p65 and PXR
To investigate the role of PXR in rifampicin-suppressed NF-κB DNA binding activity in LPS-activated RAW 264.7 cells, we first assessed whether PXR is expressed in RAW 264.7 cell by RT-PCR and immunostaining. PXR mRNA was found to be expressed in RAW 264.7 cells, although its level was significantly lower than that of mouse liver (Fig. 4A) and PXR protein was mainly located in the nuclei (Fig. 4B) . We then assessed whether rifampicin is able to activate mouse PXR. Treatment with rifampicin increased the mRNA expression of CYP27A1, a PXR regulated gene that encodes for mitochondrial sterol 27-hydroxylase (Li et al., 2007) , as compared to non-treated control cells (Fig. 4C) . We then assessed whether rifampicin is able to increase the physical association between PXR and NF-κB subunits. As shown in Fig. 5 , rifampicin increased the degree of physical association between PXR and NF-κB p65, as compared to the values for the LPS treatment only. These results suggest that the suppression of NF-κB DNA-binding activity by rifampicin may also be mediated through the physical association between PXR and NF-κB p65, in addition to through inhibition of nuclear translocation of NF-κB p65. However, rifampicin-induced binding of PXR to NF-κB p65 was not dose-dependent. 
DISCUSSION
In the current study, to investigate the effects of rifampicin on the function of RAW 264.7 cells, it was necessary to determine whether rifampicin has the ability to activate mouse PXR, since rifampicin is a well known agonist for human PXR, but not for rodents. However, the species specificity of PXR, especially, between the human and mouse seems to reflect an induction efficacy of PXR-regulated genes, not an all-or-none induction. The species specificity of PXR is due to differences in the ligand binding domain (LBD) of PXR (Zhang et al., 1999) . A previous study involving an alignment analysis for PXR LBD reported that rat PXR contains nine amino acid substitutions compared with mouse PXR, whereas five of the nine amino acids in mouse PXR are conserved in human PXR, indicating that mouse PXR is more responsive to rifampicin than rat PXR, although mouse PXR is less responsive to rifampicin than human PXR (Zhang et al., 1999) . In addition, a previously reported transfection assay showed that mouse PXR conferred a 2-fold induction in the mRNA expression of CYP3A4, a gene that encodes for cytochrome P450 3A4, in response to rifampicin, whereas the human PXR conferred a 7-fold increase in induction (Lehmann et al., 1998) . Furthermore, an animal study showed that treatment with rifampicin caused a 3.5-fold increase in the induction of CYP3A11, a PXR regulated gene that encodes for cytochrome P450 3A11, in the mouse liver (Xu et al., 2004) . Collectively, these findings suggest that rifampicin has the ability to activate, at least at a low efficacy, mouse PXR. Consistent with these findings, our results also showed that treatment with 50 μg/ml rifampicin resulted in a 1.7-fold increase in the induction of CYP27A1 mRNA in RAW 264.7 cells (Fig. 4C) . However, it was not possible to determine whether rifampicin is able to induce the expression of CYP3A4 and CYP3A11 mRNA in RAW 264.7 cells because CYP3A4 and CYP3A11 mRNA are not expressed in RAW 264.7 cells (data not shown).
A number of nuclear receptors, including the GC receptor (Ray and Prefontaine, 1994) , the estrogen receptor (Ray et al., 1994; Stein and Yang, 1995) , the progesterone receptor (Kalkhoven et al., 1996) , and the androgen receptor (Palvimo et al., 1996) , have been shown to inhibit NF-κB activity through physical interactions with NF-κB p65 in a liganddependent manner. The direct interaction between NF-κB p65 and a nuclear receptor has been proposed as a mechanism for controlling mutual repression between NF-κB and the nuclear receptor signaling pathway. Previous studies have shown that the activation of nuclear receptors represses NF-κB activity, whereas NF-κB activation reciprocally inhibits nuclear receptors and their target gene expressions (Ray et al., 1994; Stein and Yang, 1995; Kalkhoven et al., 1996; Palvimo et al., 1996) . However, the issue of specifically how the nuclear receptor/NF-κB p65 complex loses its ability to bind to κB sites or to nuclear receptor response elements is not currently known.
Mutual repression also exists between PXR and the NF-κB pathway. Previous studies of intestinal inflammation and hepatic metabolism showed that PXR null mice show enhanced expressions of NF-κB target genes and increased inflammation (Shah et al., 2007) , and that the activation of NF-κB inhibited PXR function, whereas the inhibition of NF-κB increased PXR activity and the expression of its target genes (Gu et al., 2006) . However, in the current study, we focused on the repression of NF-κB activity by PXR, rather than on the mutual repression between them. Consistent with the results of previous studies (Zhou et al., 2006; Shah et al., 2007) , our results showed that pre-treatment with rifampicin suppressed NF-κB DNA binding activity (Fig. 3) and increased the degree of physical association between PXR and NF-κB p65 (Fig. 5) in LPS-activated RAW 264.7 cells, suggesting that the suppression of NF-κB DNA-binding activity by rifampicin may be mediated through physical association between PXR and NF-κB p65. Rifampicin-induced binding of PXR to NF-κB p65 was not correlated with the suppressive effect of rifampicin on TLR2 expression. We thought that this discrepancy may be due to the inhibitory effect of rifampicin on the nuclear translocation of NF-κB p65. Rifampicin not only increased binding of PXR to NF-κB p65 (Fig. 5) , but also inhibited the nuclear translocation of NF-κB p65 (Fig. 2B) . However, NF-κB p65 has to enter the nucleus to bind PXR after stimulation since PXR is mainly expressed in nuclei (Fig. 4B) . Thus, although the dual function of rifampicin on NF-κB p65 activity is well focused on the suppression of NF-κB DNA binding activity and TLR2 expression, the degree of physical association between PXR and NF-κB p65 may not be correlated with the suppressive effect of rifampicin on TLR2 expression. Like rifampicin, dexamethasone, a ligand for the GC receptor, also inhibits NF-κB DNA-binding activity through physical association of the GC receptor with NF-κB p65 (Ray and Prefontaine, 1994) as well as inhibits the nuclear translocation of NF-κB p65 and p50 (Jeon et al., 2000) . However, how rifampicin and dexamethasone inhibit nuclear translocation of NF-κB p65 or whether their binding activity to NF-κB p65 affects its nuclear translocation remained unclear.
Furthermore, the inhibitory effects of rifampicin on NF-κB pathway can also vary depending on the cell type and the ligand. Pahlevan et al. (2002) showed that rifampicin did not inhibit TNF-α or PMA-induced NF-κB DNA binding activity in Jurkat cells, a human T cell line. Although it is difficult to directly compare our results with those of the Pahlevan et al. (2002) study due to differences in cell type and ligand used, determining the reasons for the discrepancy would be helpful in our understanding of the inhibitory mechanism of rifampicin on NF-κB pathway in various conditions.
The down-regulation of TLR2 and TNF-α mRNA expression were significant at rifampicin concentrations of 0.5 to 50 μg/ml (Fig. 1) . These are pharmacologically relevant concentrations, as the peak concentration of rifampicin in serum 2 h after the administration of a single 600 mg oral dose is approximately 10 μg/ml and rifampicin may reach high levels in other tissues as well (Yuhas et al., 2006) .
The findings reported herein suggest that the rifampicin-mediated inhibition of TLR2 via the suppression of NF-κB DNA-binding activity may be a novel mechanism of the immune-suppressive effects of rifampicin. However, clinical studies will be necessary in order to determine whether the rifampicin-mediated inhibition of TLR2 affects the consequences of treatment for Mycobacterium tuberculosis, especially in cases of rifampicin-resistant strains.
